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WEB SMOOTHING ROLLER, AND WEB ROLL PRODUCING DEVICE AND METHOD 

5 Technical field 

[0001] The present invention relates to a web smoothing roller, 
and an apparatus and a method for producing a web roll. 
Background art 

[0002] In a process for producing a sheet-like material such 

10 as a plastic film or paper (hereinafter called a web) , various 
rollers are used for handling the web, for example, for carrying 
and processing the web. In the handling of the web using rollers, 
it can happen that the web is flawed or wrinkled. The formation 
of flaws or wrinkles in the web lowers the yield of the product 

15 or lowers the operability of the production process. 

[0003] Known means for preventing the formation of wrinkles 
in the web production process or smoothing out the formed wrinkles 
include a tenter or cross guider used for pulling both the edges 
in the width direction of the web toward the outside in the width 

20 direction, and an expander roller kept in contact with the overall 
width of the web. The expander roller comes in either bending 
type or flat type. A bending type expander roller is a rotating 
roller having a curved rotating central axis, and it gives a 
tension in the width direction to the web kept in contact with 

25 the rotating roller. A flat type expander roller is a rotating 
roller having a straight rotating central axis, and has a 
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structure in which the roller shell expands and contracts in the 
central axis direction during rotation, to give a tension in the 
width direction to the web kept in contact with the rotating 
roller . 

5 [0004] A flat type expander roller as a web smoothing roller 
is disclosed in the Patent Document 1, the Patent Document 2 or 
the Patent Document 3. The roller disclosed in the Patent 
Documents 1, 2 or 3 has many elastic rods extending in the axial 
direction of the roller in parallel to each other with intervals 

10 kept between them in the circumferential direction of the roller. 
The roller disclosed in the Patent Document 4 has a rubber pipe. 
[0005] However, with the above-mentioned prior arts, it is 
difficult to smooth out wrinkles or to prevent flaws in a web 
required to have higher, quality, 

15 [0006] That is, the conventional bending type expander roller 
has the following problems. A torque necessary for rotation is 
very large, the driving required for it raises the equipment cost. 
Structurally an excessive tension in the width direction occurs 
in the central portion of the web, to distort the web. The effect 

20 of smoothing out the wrinkles at the edges of the web is small. 
A speed difference between a peripheral speed of the roller and 
a web carrying speed is likely to be large especially at the edges 
of the web, and slipping is likely to occur at a contact interface 
between the roller and the web. Since the pass line between front 

25 and rear rollers in the central portion of the web is different 
from that in the edge portions of the web, sagging is likely to 
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occur at the edges of the web. 

[0007] The flat type expander roller disclosed in the Patent 
Document 1, 2 or 3 is intended to overcome the drawbacks of the 
bending type expander roller. However, the flat type expander 
5 roller has such problems that since the many elastic rods are 
arranged with intervals kept between them, the expanding action 
is stepwise and that the roller is likely to be uneven on the outer 
circumferential surface. Furthermore, in the case where the 
roller shell is grooved to hold the rods, there arises a problem 

10 that the rods are abraded in the grooves, to cause dusting. 

[0008] To solve these problems, a flat type expander roller 
having a rubber pipe is disclosed in the Patent document 4 . 
However, also in this method, a torque required for rotation is 
large. Especially to use this roller for producing a thin film 

15 for which a low winding tension is set, this roller must be driven, 
and the production equipment cost becomes high. 
[0009] Moreover, the expander roller of the technique 
disclosed in the Patent Document 1, 2 or 3 or the expander roller 
of the technique disclosed in the Patent Document 4, the outer 

20 circumferential surface of the roller is formed of a simply 
continuous hard material such as a metal or rubber. So, these 
expander rollers have such problems that the web is likely to be 
flawed and that the large expansion cannot be achieved. 
The Patent Document 1: JP 44-20877 B 

25 The Patent Document. 2 : US 3, 344, 493 B 

The Patent Document 3: JP 3,028,483 B 
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The Patent Document 4: JU 57-11966 Y 
Disclosure of the invention 
Problem to be solved by the invention 

[0010] It is an object of the present invention to provide a 
5 web smoothing roller capable of reducing wrinkles of a web in the 
entire width and decreasing flaw occurrences. It is a further 
object of the invention to provide a production apparatus for 
producing a web roll having a reduced wrinkle and flaw. It is 
yet another object of the invention to provide a production method 
10 for producing a web roll having a reduced wrinkle and flaw. 
Means for solving the problem 

[0011] A web smoothing roller of the invention comprises a 
rotary roller main body^ a fiber structure with strechability, 
covering the outer peripheral surface of the rotary roller main 
15 body^ and an expansion/contraction means for expanding 
/contracting the fiber structure in the direction of the rotation 
center axis of the rotary roller main body. 

[0012] In the web smoothing roller of the invention, it is 

preferred that the fiber structure is a cylindrical fabric. 
20 [0013] In the web smoothing roller of the invention, it is 

preferred that the cylindrical fabric is seamless. 

[0014] In the web smoothing roller of the invention, it is 

preferred that the cylindrical fabric is composed of elastic yarns 

or yarns containing them. 
25 [0015] In the web smoothing roller of the invention, it is 

preferred that the cylindrical fabric is a knitted fabric. 
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[0016] In the web smoothing roller of the invention, it is 
preferred that the knitted fabric is composed of elastic yarns 
or yarns containing them. 

[0017] In the web smoothing roller of the invention, it is 
5 preferred that the Icnitted fabric is seamless. 

[0018] In the web smoothing roller of the invention, it is 
preferred that the expansion/contraction means are provided 
outside on both sides in the direction of the rotation center axis 
of the rotary roller main body and each of which comprises an 

10 inclined collar being rotaable around a rotating central axis 
which is inclined against the rotation center axis of the rotary 
roller main body, and wherein the fiber structure and the inclined 
collars form an enclosure surrounding the rotary roller main body. 
[0019] In the web smoothing roller of the invention, it is 

15 preferred that the coefficient of static friction between the 
fiber structure and a web is from 0.3 to 0.7, and that the 
coefficient of static friction between the fiber structure and 
the rotary roller main body is 0.4 or less. 

[0020] An apparatus for producing a web roll of the invention, 
20 which comprises a web feeding apparatus for continuously feeding 
a web, a web carrying apparatus for carrying the web continuously 
fed from the feeding apparatus, and a web winding apparatus for 
continuously winding as a roll, the web continuously carried by 
the carrying apparatus, wherein a web smoothing roller of the 
25 invention is provided at least at one place in the carrying 
apparatus . 
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[0021] The web feeding apparatus for continuously feeding a 
web in the apparatus for producing a web roll of the invention 
means a film forming apparatus for continuously forming the web 
or a web unwinding apparatus for continuously unwinding the web 
5 from a web roll. 

[0022] In the apparatus for producing a web roll of the 
invention, it is preferred that the web smoothing roller is 
disposed in such a manner that it can be kept in pressure contact 
with a surface of the web roll formed in the web winding apparatus. 

10 [0023] A method for producing a web roll of the invention, 
which comprises a web feeding step for continuously feeding a web, 
a web carrying step for continuously carrying the web continuously 
fed from the feeding step, and a web winding step for continuously 
winding as a roll, the web continuously carried by the carrying 

15 step, wherein a web smoothing roller of the invention is provided 
at least at one place in the web carrying step. 
[0024] The web feeding step for continuously feeding a web in 
the method for producing a web roll of the invention means a film 
forming step for continuously forming the web, or a web unwinding 

20 step for continuously unwinding the web from a web roll. 

[0025] In the method for producing a web roll of the invention, 
it is preferred that the web is a polyester film. 
[0026] The stretchability of the fiber structure in the 
invention is defined as described below. A fiber structure is 

25 cut into a 120 mm long and 120 mm wide square, for use as a sample 
sheet for evaluating the stretchability. The obtained sample 
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sheet is placed horizontally, and in a state where no tension acts 
on the sample sheet (non-tensioned state) , opposite two sides of 
the sample sheet are held by vices uniformly over the entire widths 
in such a manner that they do not slide during the experiment and 
5 that the length of the portion not held by the vices becomes 100 
mm. In this state, the vices are sufficiently slowly moved in 
the direction of the two sides opposing each other (tensioning 
direction) at such a speed that the moving speed does not affect 
the test result, for tensioning the sample sheet. If the sample 

10 sheet is expanded to 110 mm or more without being broken, the vices 
are then moved in the direction reverse to the tensioning 
direction at a speed of 1 mm/second after the sample sheet has 
been expanded up to 110 mm, to release the tension acting on the 
sample sheet. If the length of the portion not held by the vices 

15 in the tensioning direction is restored into a range from 100 mm 
to 105 mm when the sample sheet is returned to a non-tensioned 
state, the fiber structure is evaluated to be stretchable in the 
tensioning direction . 

[0027] The sample sheet is prepared in such a manner that when 
20 it is used to cover the outer circumferential surface of the rotary 
roller main body, the direction along the rotation center axis 
of the rotary roller main body agrees with the length direction 
of the sample sheet, while the direction along the rotating 
direction of the rotary roller main body agrees with the width 
25 direction of the sample sheet. When the stretchability is 
observed in the length direction, the fiber structure is evaluated 
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to be stretchable. 

[0028] The above-mentioned experiment should be performed in 
an atmosphere having a temperature of 25®C and a relative humidity 
of 40% in principle. However, if the atmosphere in which the 
5 roller is actually used is obviously different from the 
above-mentioned atmosphere, the experiment should be made in the 
temperature, humidity and other environmental conditions 
equivalent to those of the atmosphere in which the roller is 
actually used. Furthermore, it can happen that the experiment 

10 cannot be performed adequately, for example, since the fiber 
structure cannot be cut to the above-mentioned dimensions. In 
such a case, the fiber structure should be cut to such dimensions 
as to allow the experiment, and the dimension in the tensioning 
direction should be evaluated in proportion to the 

15 above-mentioned value. 

[0029] In the case where a fiber structure capable of being 
expanded and contracted in one direction only is used as the fiber 
structure of the invention, the direction in which the fiber 
structure can be expanded and contracted should be made to roughly 

20 agree with the direction of the rotation center axis direction 
of the rotary roller main body. A fiber structure capable of being 
expanded and contracted in two directions perpendicular to each 
other is more preferred. 

[0030] In the invention, a fiber structure generally refers 
25 to a fabric such as a woven fabric, knitted fabric or nonwoven 
fabric composed of natural fibers or chemical fibers . Any of most 
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knitted fabrics can be used as the fiber structure referred to 
in the invention. Most of woven fabrics and nonwoven fabrics 
cannot be expanded or contracted. However, a woven fabric or 
nonwoven fabric composed of elastic yarns or composed of yarns 
5 containing them is expandable and contractible, and may be able 
to be used as the fiber structure referred to in the invention. 
[0031] In the invention, a cylindrical fabric refers to a 
fabric cylindrical in the inner portion excluding at least both 
the ends. If the cylindrical fabric is a knitted fabric, the 
10 cylindrical knitted fabric can be obtained by forming a sheet-like 
knitted fabric into a cylinder by sewing or any other method, or 
can be a seamless cylindrical knitted fabric knitted in a 
cylindrical form using a knitting machine. 

[0032] In the invention, the enclosure refers to a structure 
15 comprising one or more members, which generally covers and 
encloses at least the outer circumferential surface of the rotary 
roller main body. 

[0033]. Each of the elastic yarns forming the fiber structure 
of the invention is defined as described below. A yarn used in 

20 the fiber structure is cut to have a length of 120 mm, for use 
as a sample yarn. The obtained sample yarn is placed in the 
horizontal direction, and in a state where no tension acts on the 
sample yarn (non-tensioned state) , both the ends of the sample 
yarn are held by vices in such a manner that the length of the 

25 portion not held by the vices becomes 100 mm. In this state, the 
vices are sufficiently slowly moved in the length direction 
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(tensioning direction) of the sample yarn at such a speed that 
it does not affect the test result, for tensioning the sample yarn. 
If the sample yarn is extended to 110 mm or more without being 
broken, the vices are moved in the direction reverse to the 
5 tensioning direction at a speed of 1 mm/second after the yarn has 
been extended to 110 mm, for releasing the tension acting on the 
sample yarn. If the length of the portion not held by the vices 
in the tensioning direction is restored to a range from 100 mm 
to 105 mm when the yarn is returned to a non-tensioned state, the 

10 yarn is evaluated to be an elastic yarn. 

[0034] The above-mentioned experiment should be performed in 
an atmosphere having a temperature of 25°C and a relative humidity 
of 40% in principle. However, if the atmosphere in which the 
roller is actually used is obviously different from the 

15 above-mentioned atmosphere, the experiment should be made in the 
temperature, humidity and other environmental conditions 
equivalent to those of the atmosphere in which the roller is 
actually used. Furthermore, it can happen that the experiment 
cannot be performed adequately, for example, since the yarn cannot 

20 be cut to the above-mentioned dimension. In such a case, the yarn 
should be cut to such a dimension as to allow the experiment, and 
the dimension in the tensioning direction should be evaluated in 
proportion to the above-mentioned value. 

[0035] In the invention, in the case where a cylindrical 
25 knitted fabric composed of elastic yarns is used as the fiber 
structure, even if the difference between the portion in which 
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the length of the fiber structure on the outer circumferential 
surface of the roller in the rotation center axis direction of 
the roller is shortest and the portion in which the length is 
longest, is large, that is, even if the expanding reach of the 
5 fiber structure is large, a torque required for rotation can be 
kept small. Therefore, the rotary roller main body can be rotated 
only with the frictional force of the web running in contact with 
the roller, as the case may be. In this case, a larger smoothing 
effect can be exhibited without spending the enormous cost for 
10 large-scale equipment such as driving equipment and the man-hours 
for working. 

[0036] In the invention, since the fiber structure is used on 
the surface of the roller, the degree of freedom in usable yarns 
is high. Furthermore, the use of the fiber structure gives, in 

15 addition to the web flaw-preventing effect, such an effect that 
the change in the coefficient of friction due to the temporal 
deterioration can be lessened compared with the conventional 
rubber rods . As a result, a virtually equivalent smoothing effect 
can be maintained for a long period of time. 

20 Effects of the invention 

[0037] In the web smoothing roller of the invention, the fiber 
structure having strechability is used as means for smoothing out 
a wrinkle of a web. A function of smoothing out the wrinkle of 
the web in the widthwise direction of the web running contact with 

25 the fiber structure is performed thereby- The function of 
smoothing out the wrinkle is brought by the fiber structure and 
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therefore it is not substantially affected occurring of flaw on 
the web while it is sufficient for smoothing the wrinkle of the 
web. 

Brief description of the drawings 
5 [0038] Fig. 1 is a schematic perspective view showing a mode 
of a web smoothing roller of the invention. 

Fig. 2 is a flow chart for explaining a process for producing 
a general plastic film. 

Fig. 3 is a schematic cross sectional view showing a film 
10 winder in the case where a web smoothing roller of the invention 
is used as a pressure contact roller. 

Fig. 4 is a vertical sectional view showing the web smoothing 
roller of the invention shown in Fig. 1. 

Fig. 5 is a cross sectional view for explaining the relation 
15 between the maximum expanding position and a web contact angle. 

Fig. 6 is a plan view for explaining the method for evaluating 
a stretchability of a fiber structure in the length direction. 

Fig. 7 is a plan view for explaining the method for evaluating 
a stretchability of a fiber structure in the width direction. 
20 Fig. 8 is a plan view for explaining the method for preparing 

a sample sheet used for measuring a coefficient of friction. 

Fig. 9 is a cross sectional view for explaining the method 
for measuring a coefficient of friction between a fiber structure 
and a roller shell. 
25 Fig. 10 is a cross sectional view for explaining the method 

for measuring a coefficient of friction between a fiber structure 
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and a web to be smoothed for removing wrinkles. 

Fig. 11 is a plan view showing a test piece used for an 
acceleration test modeling a stretchability of a fiber structure. 
Meaning of symbols 
5 [0039] 1 smoothing roller 

11 shaft 

12 rotary roller main body 

13 outer circumferential surface 

14 fiber structure 

10 15 expansion/contraction means 

21 sheet molding die 

22 cooling drum 

23 film 

24 stretcher 
15 25 film 

26a, 26b carrier roller 

27 winder 

28 film roll (web roll) 

29 pressure contact roller 
20 30 intermediate product 

31 film 

32a, 32b carrier roll 

33 slitter 

34 winder 

25 35 film roll (web roll) 

36 pressure contact roller 
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37 plastic film 

38 film roll (web roll) 

41 roller shell 

42 annular member 

43 ball bearing 

44 polyester film (web) 

45 inclined collar 
45 ball bearing 

47 inclined collar support member 

51 maximum expanding position 

52 maximum contracting position 

53 web 

61 sample sheet 

62a, 62b edge portion 

63a, 63b arrow 

64 arrow 

71 sample sheet 

72a, 72b edge portion 

73a, 73b arrow 

74 arrow 

81 sample sheet 

82a, 82b hole 

83a, 83b fixing plate 

84 test piece 

91 measuring instrument 

92 weight 



93 spring balance 

101 measuring instrument 

102 weight 

103 spring balance 
5 104 test piece 

The best modes for carrying out the invention 

[0040] The invention is described below in more detail using 
embodiments of the invention. The invention is not limited to 
or by the embodiments, 

10 [0041] An embodiment relates to an apparatus for producing a 
plastic film roll using a smoothing roller of the invention, and 
is explained in reference to Figs. 1 through 3. 
[0042] Fig. 1 is a schematic perspective view showing the 
smoothing roller of the invention. In Fig. 1, a smoothing roller 

15 1 comprises a rotary roller main body 12 supported by a shaft 11, 
a fiber structure 14 covering the outer circumferential surface 
of the rotary roller main body 12, and expansion/contraction means 
15 for expanding and contracting the fiber structure 14 in the 
rotation center axis direction of the rotary roller main body 12. 

20 The rotary roller main body 12 can be supported rotatably around 
the shaft 11, or can also be fixed to and supported by the shaft 
11 that can rotate. In either case, in this embodiment, the center 
axis of the shaft 11 is the rotation- center axis. 
[0043] The outer circumferential surface 13 of the rotary 

25 roller main body 12 and the fiber structure 14 contact each other 
in such a manner that they can be rotated substantially at the 



15 



same speed. At the bottom position 16 of the smoothing roller 
1 shown in Fig. 1, the fiber structure 14 is expanded by the 
expansion/contraction means 15, and at the top position 17, the 
fiber structure 14 is contracted by the expansion/contraction 
5 means 15. Since the fiber structure 14 is expanded and contracted 
by the expansion/contraction means 15 in the rotation center axis 
direction of the rotary roller main body 12, a tension in the width 
direction is given to the web (not shown in the drawing) moving 
in contact with the fiber structure 14 . As a result, the formation 
10 of wrinkles in the web can be prevented, or the wrinkles formed 
in the web can be smoothed out. 

[0044] As the fiber structure 14, a stretchable fabric is 
selected for use from among such fabrics as knitted fabrics, woven 
fabrics and nonwoven fabrics composed of natural fibers or 

15 chemical synthetic fibers. Knitted fabrics such as 

plain-stitched fabrics, rib-stitched fabrics and pearl-stitched 
fabrics exhibit expandability and contractibility due to the 
deformation of stitches per se. Woven fabrics such as plain-woven 
fabrics and twill-woven fabrics and nonwoven fabrics are mostly 

20 poor in expandability and contractibility, but woven fabrics and 
nonwoven fabrics respectively composed of elastic yarns or 
composed of yarns containing them are expandable and 
contractible . 

[0045] The fiber structure 14 covers the outer circumferential 
25 surface 13 of the rotary roller main body 12, that is, it is 
cylindrical, and in this state, the smoothing roller 1 is formed. 
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The cylindrical fiber structure 14 is produced by seaming one edge 
of one or plural fabrics with the other opposite edge by means 
of bonding, sewing, etc. The cylindrical fiber structure 14 
covers the rotary roller main body 12 and the 
5 expansion/contraction means 15, and both ends of the fiber 
structure 14 are fixed to the expansion/contraction means 15 of 
both sides. 

[0046] It can happen that the seam of the fabric used as the 
cylindrical fiber structure 14 adversely affects the web quality 
10 or the smoothing effect. In this case, it is preferred to use 
a seamless cylindrical fabric as the fiber structure 14. As such 
a fiber structure, a seamless cylindrical knitted fabric is 
especially preferred. 

[0047] A knitted fabric composed of fibers poor in 
15 expandability and contractibility such as polyamide fibers, 
polyester fibers or acrylic fibers can be used as the fiber 
structure 14, since it can be expanded and contracted due to the 
deformation of the stitches per se. However, a knitted fabric 
composed of elastic yarns or composed of yarns containing them 
20 can be more preferably used as the fiber structure 14, since it 
can be greatly deformed with a small force and since a larger 
expanding reach can be set without greatly increasing a torque 
required for rotation. Furthermore, since this knitted fabric 
has larger flexibility, it can be more preferably used as the fiber 
25 Structure 14. 

[0048] As the elastic yarns,* for example, processed 
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polytrimethylene glycol yarns and polyurethane fibers can be used 
Among them, polyurethane fibers excellent in elongation and 
restorability can be suitably used. Since the polyurethane 
fibers are weak against wear, it is preferred to use them in the 
form of a multilayered structure yarn such as a single-covered 
yarn, double-covered yarn, or core spun yarn. Above all, it is 
preferred that the covering yarn used as the outermost surface 
layer of the multilayered structure yarn is a yarn made of a 
material hard to cause frictional electrification with the web 
to be produced. A covered yarn consisting of a core yarn composed 
of polyurethane fibers and a covering yarn composed of a material 
hard to cause frictional electrification with the web to be 
produced, can prevent the defects of the web brought about by the 
static electricity due to electrification. For example, in the 
case where the web is a polyester film, it is preferred to use 
a polyester yarn as the covering yarn. 

[0049] It is good that the yarns constituting the fiber 
structure 14 have a fineness of 30 deniers (33 decitexes) to 450 
deniers (500 decitexes) . The inventors found that thinner yarns 
have a higher effect of preventing the flaws formed in the web. 
However, a fiber structure 14 composed of thin yarns has a problem 
in view of strength, for example, since it is likely to be broken . 
Also considering the strength, it is preferred that the yarns 
constituting the fiber structure 14 have a fineness of 100 deniers 
(111 decitexes) to 250 deniers (278 decitexes) . In the case where 
the above-mentioned covered yarn is used, it is preferred that 
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the core yarn has a fineness of 60 deniers (66 decitexes) to 200 
deniers (222 decitexes) and that the covering yarn has a fineness 
of 30 deniers (33 decitexes) to 100 deniers (111 decitexes) . In 
this case, both the yarn strength and the web flaw preventive 
5 effect can be satisfied. 

[0050] To enhance the smoothing effect, it is preferred that 
the coefficient of static friction between the web concerned and 
the fiber structure 14 is higher. However, if the coefficient 
of static friction is too high, the web receives a tension in the 
10 width direction more than necessary, and may be flawed- For these 
reasons, the inventors found that the preferred coefficient of 
static friction is from 0.3 to 0.7. 

[0051] The material of the outer circumferential surface 13 
of the rotary roller main body 12 is not especially limited. For 

15 example, it can be a metal or a resin or rubber. However, in order 
that the fiber structure 14 can be expanded and contracted 
smoothly in the rotation center axis direction of the rotary 
roller main body 12, it is preferred that the coefficient of static 
friction between the fiber structure 14 and the outer 

20 circumferential surface 13 is lower. Usually if the coefficient 
of static friction is 0.4 or less, the intended function can be 
achieved without any problem. It is preferred to select the 
material and surface roughness of the outer circumferential 
surface 13 so that the coefficient of static friction can be kept 

25 in this range. 

[0052] For measuring the coefficient of static friction 
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between the fiber structure 14 and the outer circumferential 
surface 13 of the roller, a sample sheet as shown in Fig. 8 is 
used, and a measuring instrument as shown in Fig. 9 is used. The 
rotation center axis direction of the rotary roller main body 12 
5 of the fiber structure 14 covering the outer circumferential 
surface 13 of the rotary roller main body 12 is defined as the 
length direction of the fiber structure 14. From the fiber 
structure 14, a 350 mm long and 50 mm wide sample sheet 81 is cut 
and prepared- The length direction of the sample sheet 81 agrees 

10 with the length direction of the f ober structure 14 . At both ends 
in the length direction of the sample sheet 81, fixing plates 83a 
and 83b having holes 82a and 82b formed to hang a weight and a 
spring balance are attached. The fixing plates 83a and 83b are 
attached to the sample sheet 81, for example, by bolting, 

15 uniformly in the width direction, to ensure that they do not slide . 
The sample sheet 81 having the fixing plates 83a and 83b attached 
to it is set in a measuring instrument, as a test piece 84 for 
measuring the coefficient of static friction. 

[0053] The measuring instrument 91 is shown in Fig. 9. The 
20 measuring instrument 91 is composed of the rotary roller main body 
12 supported without being allowed to rotate, a weight 92 and a 
spring balance 93. For measuring the coefficient of static 
friction, the test piece 84 is wound around the outer 
circumferential surface 13 of the rotary roller main body 12 
25 supported without being allowed to rotate, over 180*^ in the 
circumferential direction. The weight 92 is attached in the hole 
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82b of one fixing plate 83b of the test piece 84 . The weight value 
of the weight 92 is selected such that the total weight value 
consisting of the weight value of the fixing plate 83b and the 
weight value of the weight 92 becomes 100 g. The spring balance 
5 93 is attached in the hole 82a of the other fixing plate 83a of 
the test piece 84. 

[0054] For measurement, while the bottom of the spring balance 
93 is held, the spring balance 93 is sufficiently slowly moved 
downward as indicated by an arrow 94 at such a speed that it does 
10 not affect the test result. The. load reached when the test piece 
84 begins to move is measured by the spring balance 93. The 
coefficient of static friction is obtained from the following 
formula (i) . 

[0055] Ki = In (T2/T1)/<|) (i) 

15 where |a is the coefficient of static friction; Tl is the tension 
generated by the weight 92 (100 gf (0.98N) in this case); T2 is 
the load measured by the spring balance 93; (j) is the contact angle 
of the test piece 84 (nrad in this case) ; and In is a natural 
logarithm. Measurement is made at five places excluding both the 

20 ends in the rotation center axis direction of the rotary roller 
main body 12 at every one-sixth length of the outer 
circumferential surface length of the rotary roller main body 12. 
The load T2 is an average value of the loads obtained by the 
respective measurement trials. 

25 [0056] The coefficient of static friction between the fiber 
structure 14 installed around the rotary roller main body 12 and 
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the web is measured also according to the same method as used for 
measuring the coefficient of static friction between the fiber 
structure 14 and the outer circumferential surface 13 of the 
rotary roller main body 12. Instead of the sample sheet 81 made 
5 from the fiber structure 14 for the test piece 84, a test piece 
104 like the test piece 84 of Fig. 8 is prepared from the web kept 
in contact with the fiber structure 14 in the web carrying step. 
[0057] A measuring instrument 101 is shown in Fig. 10. The 
measuring instrument 101 is composed of the rotary roller main 

10 body 12 supported without being allowed to rotate, the fiber 
structure 14 installed to cover the outer circumferential surface 
13 of the rotary roller main body 12, a weight 102 and a spring 
balance 103. The fiber structure 14 is installed around the 
rotary roller main body 12 such that the maximum expanding 

15 position comes at the top in the vertical direction of the rotary 
roller main body 12, in Fig. 10. 

[0058] Measurement is performed using the test piece 104 wound 
around the fiber structure 14 in Fig. 10. The contact angle of 
the test piece 104 around the fiber structure 14 and the measuring 

20 procedure thereafter are the same as the above-mentioned contact 
angle and measuring procedure explained in reference to Fig. 9. 
When the web to be used is not clear, a 30 fxm thick polyester film 
is used. Particularly, a 30 |am thick polyester film, ^^Lumirror" 
SIO type produced by Toray Industries, Inc. is used. 

25 [0059] In the above explanation about the measurement of the 
coefficient of static friction, as shown in Fig. 8, a 350 mm long 
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sample sheet 81 was used. However, in the case where measurement 
with this length is difficult, for example, in the case where the 
diameter of the rotary roller main body 12 is more than 150 mm, 
the length can be changed as required. Furthermore, when the 
5 weight of the sample sheet 81 is relatively heavy, the weight value 
of the weight 92 can be modified to such an extent that the effect 
of the sample sheet becomes negligible. The above-mentioned 
measurement of the coefficient of static friction is performed 
in an atmosphere having a temperature of 25**C and a relative 

10 humidity of 40% in principle. However, in the case where the 
atmosphere in which the rotary roller main body 12 is used is 
obviously different from the atmosphere, the measurement of the 
coefficient of static friction is performed under the temperature, 
humidity and other environmental conditions prevailing in the 

15 atmosphere in which the rotary roller main body 12 is used. 

[0060] The expansion/contraction means 15 can be any means, 
if they have a structure in which the fiber structure 14 can be 
expanded and contracted in the rotation center axis direction of 
the rotary roller main body 12. For example, the 

20 expansion/contraction means can have a mechanism in which plural 
actuators are disposed on a circumferential orbit and hold both 
the ends of the fiber structure 14 so that they expand and contract 
the fiber structure 14 in the rotation center axis direction of 
the rotary roller main body 12 while they rotate in 

25 synchronization with the web carrying speed. The 
expansion/contraction means can also be inclined collars that are 
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provided outside on both sides in the rotation center axis 
direction and can be rotated around the rotating central axes 
inclined against the rotation center axis. The inclined collars 
can be preferably used as the expansion/contraction means, since 
5 they are simple in structure, do not require power or require only 
small power, and can be easily synchronously rotated. 
[0061] It is preferred that the inclination angle of the 
inclined collars can be changed as desired. In this constitution, 
the inclination angle can be changed, to adequately adjust the 

10 smoothing effect in response to the thickness, width and tension 
of the web to be smoothed for removing wrinkles. 
[0062] In the invention the fiber structure 14 having contact 
with a web is used. Since the fiber structure 14 is expandable 
and contractible on the surface, it touches the web softly, and 

15 in the case where any foreign matter intervenes during processing, 
it can be prevented that the foreign matter is strongly pressed 
against the web, and the surface of the web is less likely to be 
damaged. The fiber structure 14 can be easily selected to be 
lighter in weight than other means, and to have moderate friction 

20 with the web. In this case, a torque required for rotating the 
fiber structure is small, and the difference in speed between the 
fiber structure and the web is less likely to be caused. It, 
therefore, seldom occurs that the surface of the web is damaged 
due to slipping. The fiber structure 14 generally has air 

25 permeability. Therefore, even if air comes in between the web 
such as a plastic film and the roller, it does not stay there but 
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is liable to escape. For this reason, the adhesion between the 
web and the fiber structure 14 can be highly sustained, while 
uniform and moderate friction can be stably maintained between 
them. Because of these properties, in the case where the 
5 smoothing roller of the invention is used as a carrier roller in 
a winding step for production of a plastic film, the grooves formed 
for air release formed in the carrier roller are not necessary, 
as the case may be. 

[0063] Fig. 5 is a cross sectional view for explaining the 

10 relation between the maximum expanding position of the fiber 
structure 14 in the smoothing roller 1 and the contact angle of 
the web 53 around the fiber structure 14. In Fig. 5, the maximum 
expanding position 51 is the position in the rotating direction 
at which the fiber structure 14 is expanded to the maximum extent 

15 by the expansion/contraction means 15, and the maximum 
contracting position 52 is the position in the rotating direction 
at which the fiber structure 14 is contracted to the maximum extent 
by the expansion/contraction means 15. It is preferred that the 
contact angle 9 of the web 53 is 30° or more . To more highly exhibit 

20 the smoothing effect, it is more preferred that the contact angle 
9 is in a range from 120° to the expanding and contracting angle 
p. The expanding and contracting angle P refers to the angle 
formed among the rotation center axis, the maximum expanding 
position 51 and the maximum contracting position 52 on a plane 

25 perpendicular to the rotating axis. In the case where inclined 
collars are used as the expansion/contraction means 15, the 
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enlarging angle P is usually 180°, and in the case where actuators 
are used as the expansion/contraction means 15, the expanding and 
contracting angle P can be usually any desired angle. The 
installation angle a refers to the angle formed among the rotation 
5 center axis, the maximum expanding position 51 and the point at 
which the web 53 leaves from the fiber structure 14, on a plane 
perpendicular to the rotation center axis. In order that the web 
53 once expanded cannot be contracted, it is preferred that the 
installation angle a is 0° or more, but if the angle is -45° or 

10 more, there arises no practical problem in most cases. 

[0064] Since the web smoothing roller of the invention is 
highly effective in preventing the formation of flaws in a web, 
it can be preferably used in an apparatus for producing a web severe 
in quality requirement against flawing, for example, a plastic 

15 film used for optical application. 

[0065] Fig. 2 is a schematic chart showing a process for 
producing a general plastic film. A molten polymer of a 
thermoplastic resin is extruded continuously as a sheet from a 
molding die 21. The extruded molten sheet contacts a cooling drum 

20 22, to be cooled into a solidified film 23. The film 23 is 
continuously introduced into a stretcher 24. The film 23 is 
stretched in the machine direction and the transverse direction 
in the stretcher 24. The stretched film 25 is carried by carrier 
rollers 26a and 26b to a winder 27, and wound as a roll in the 

25 winder 27. The film wound as a roll forms a film roll (web roll) 
28. The winder 27 is provided with a rotating pressure contact 
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roller 29 kept in contact with the film roll 28 being formed, at 
a predetermined pressure. 

[0066] The produced film roll 28 can be forwarded as a product 
in such state. However, if the produced film roll 28 has a large 
5 width, it is usually fed to a slitting step as an intermediate 
product 30. 

[0067] In the slitting step, the film 31 continuously unwound 
from the intermediate product 30 is carried by carrier rolls 32a 
and 32b, to arrive at a slitter 33. In the slitter 33, the film 

10 31 is slit into plural films with a predetermined width. The 
plural films are wound by respective winders 34, to form film rolls 
(web rolls) 35 as final products. Each of the winders 34 is 
provided with a rotating pressure contact roller 36 kept in 
contact with the film roll 35 being formed, at a predetermined 

15 pressure. 

[0068] As each of the carrier rolls 26a, 26b, 32a and 32b in 
the film roll production process shown in Fig. 2, the web smoothing 
roller of the invention can be used as required. Furthermore, 
as each of the rotating pressure contact rollers 29 and 36, the 

20 web smoothing roller of the invention can be used as required. 
[0069] It can happen that the film roll 28 or the film roll 
35 is fed to a process in which it is treated as predetermined 
in a reduced pressure atmosphere as produced in a vacuum 
evaporator. In this process, the film unwound from the film roll 

25 28 or 35 is carried by carrier rolls and treated as predetermined, 
then being wound. In this process, it may become necessary to 
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smooth out wrinkles in a film. In this process, in the case where 
a bending type expander roller is applied as the conventional 
smoothing means, the effect of the entrained air stream entering 
between the surface of the roller and the film becomes very small 
5 compared with a case in an atmosphere- In this case, the 
coefficient of friction between the roller and the film becomes 
large. To prevent the flawing of the film caused by the increase 
in the coefficient of friction, it is necessary to precisely 
adjust the rotating speed of the roll. Furthermore, an excessive 

10 tension is likely to occur in the width direction of the film, 
and because of this, the film is likely to be damaged. 
[0070] On the contrary, in the case where the web smoothing 
roller of the invention is used as a smoothing means in a process 
with a reduced pressure atmosphere, the expandability, 

15 contractibility and flexibility of the fiber structure allow the 
slight difference of speeds to be absorbed, and the relative 
difference of speeds is unlikely to occur. Furthermore, since 
the excessive tension caused in the width direction of the film 
is absorbed by the slight deformation of the fiber structure, the 

20 undesirable situation as caused by the above-mentioned 
conventional smoothing means does not occur. 

[0071] Fig. 3 is a cross sectional view showing a film winder 
using a web smoothing roller of the invention as a pressure contact 
roller. When a carried plastic film 27 is wound as a film roll 
25 (web roll) 38, the web smoothing roller 1 of the invention 
comprising the rotary roller main body 12, the fiber structure 
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14 covering the outer circumferential surface 13 of the rotary 
roller main body 12 and the expansion/contraction means 15 is kept 
in pressure contact with the film roll 38, to form the film roll 
38. 

5 [0072] In the process for producing a plastic film shown in 
Fig. 2f there can be a case where the winder 27 or 34 is provided 
with a pressure contact roller 29 or 36, and where the pressure 
contact roller 29 or 36 is used to give a contact pressure to the 
film roll 38 or 35 while the film 25 or 31 is wound in the film 

10 winder- In this case, if the web smoothing roller of the invention 
shown in Fig. 3 is used as the pressure contact roller 29 or 36, 
the free pass length during which the film having its wrinkles 
smoothed out runs without being held can be shortened. Therefore, 
it can be prevented that the film having its wrinkled smoothed 

15 out sags again to cause wrinkles to be formed again in the film- 
Example 1 

[0073] The web smoothing roller 1 of the invention shown in 
Fig. 1 was produced- The detailed structure is shown in Fig. 4. 
Fig. 4 is a vertical sectional view showing the smoothing roller 

20 1 of the invention as an example. 

[0074] The rotary roller main body 12 is composed of a roller 
shell 41 made of a carbon fiber reinforced plastic material having 
a length of 1 m and an outer diameter of 80 mm, annular members 
42 attached inside to both the ends of the shell 41 and supporting 

25 the shell 41, ball bearings 4 3 attached inside the annular members 
42, and a fixed metallic shaft 11 to which the ball bearings 43 
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are attached. The roller shell 41 is coated, on its surface, with 
a urethane resin-based paint with a view to preventing 
contamination and enhancing slipperiness . 

[0075] Elastic single-covered yarns (''Lycra" SCY S775D 
5 produced by Opelontex Co. , Ld. ) , each consisting of a polyurethane 
yarn of 70 deniers (78 decitexes) as the core yarn and a polyester 
yarn of 75 deniers (83 decitexes) as the covering yarn, were used 
to produce a tubular knitted seamless gray fabric. The knitting 
structure was a rib-stitched fabric. The weight of the tubular 

10 knitted gray fabric per unit area was 125 g/m^. For further 
enhancing the strechability , the tubular knitted gray fabric was 
heat-treated in 100°C water for 30 minutes. The tubular knitted 
gray fabric produced like this (hereinafter called the tubular 
knitted gray fabric of Example 1) was used as the fiber structure 

15 14. - Both the ends of the fiber structure 14 were pulled, to 
install the fiber structure 14 around the outer circumferential 
surface 13 of the roller shell 41 with a tension of 150 N applied. 
[0076] To measure the stretchability in the length direction 
of the fiber structure 14, three 120 mm long and 100 mm wide sample 

20 sheets were obtained by cutting from the heat-treated tubular 
knitted gray fabric. The plan view of a sample sheet 61 is shown 
in Fig. 6. The sample sheet 61 was held by vices at both the edges 
62a and 62b in the direction along the width, and a tension was 
applied in the direction indicated by arrows 63a and 63b, to 

25 evaluate the above-mentioned stretchability in the length 
direction (in the direction indicated by arrow 64). All the 
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sample sheets 61 were restored to a dimensional range from 102 
mm to 104 mm after release of tension, and confirmed to be 
strechable. 

[0077] To- measure the stretchability in the width direction 
5 of the fiber structure 14, three 80 mm long and 100 mm wide sample 
sheets were obtained by cutting from the heat-treated tubular 
knitted gray fabric. The plan view of a sample sheet 71 is shown 
in Fig. 7. The sample sheet 71 was held by vices at both the edges 
72a and 72b in the direction along the length, and a tension was 

10 applied in the direction indicated by arrows 73a and 73b, to 
evaluate the above-mentioned stretchability in the width 
direction (direction indicated by arrow 74) . In the evaluation 
test, the sample sheet 71 placed horizontally was held uniformly 
by vices at the two entire edges extending in the length direction 

15 with a distance of 80 mm kept between the vices in the width 
direction, and a tension was applied in the width direction 
indicated by the arrows 73a and 73b, to expand the vice-less 
portion to 88 mm. Subsequently, it was allowed to contract at 
a speed of 1 mm/second, and the restored length was measured. This 

20 measurement was performed with the three sample sheets 71. All 
the sample sheets 71 were restored to a dimensional range of 82 
mm to 84 mm after release of tension, and confirmed to be 
stretchable . 

[0078] The coefficient of static friction between the fiber 
25 structure 14 and the surface of the roller shell 41 and the 
coefficient of static friction between the fiber structure 14 and 
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the polyester film (web) 44 were measured by the methods explained 
in reference to Figs. 8 and 10. Sample sheets were obtained by 
cutting from a 3 |am thick film of Polyester Film ^^Lumirror" C21 
type produced by Toray Industries, Inc. Three sample sheets each 
were prepared for measuring both the coefficients of static 
friction. The coefficient of static friction between the fiber 
structure 14 and the surface of the roller shell 41 was in a range 
from 0 . 15 to 0 - 24 as a result of measuring the three sample sheets . 
The coefficient of static friction between the fiber structure 
14 and the polyester film 44 was in a range from 0.43 to 0.52 as 
a result of measuring the three sample sheets. It was confirmed 
that these values were in the above-mentioned suitable ranges of 
values . 

[0079] The expansion/contraction means 15 were composed of 
inclined annular collars 45 respectively having a rotating 
central axis inclined against the rotation center axis of the 
rotary roller main body 12, ball bearings 46 installed inside the 
inclined collars 45, and inclined collar support members 47 
respectively having one of the ball bearings 4 6 attached at their 
outer circumferences and respectively attached to the shaft 11 
at their inner circumferences. The inclined collars 45 were 
attached to the shaft 11 respectively through one of the ball 
bearings 4 6 and one of the inclined collar support members 47, 
with a clearance of 25 mm kept from the ends of the rotary roller 
main body 12, outside in the rotation center axis direction of 
the rotary roller main body 12. The clearance refers to the 
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distance between the position of one of the inclined collars 45 
closest to the corresponding end of the roller shell 41 and the 
end of the roller shell 41. 

[0080] Both the ends of the fiber structure 14 covering the 
5 rotary roller main body 12 were respectively held by the inclined 
collars 45 of both sides. The inclination angle between the 
rotating central axis of one of the inclined collars 45 and the 
rotation center axis of the rotary roller main body 12 
(hereinafter called the inclination angle of the inclined 
10 collars) could be structurally stepwise adjusted. In this 
example, the inclination angle of the inclined collars was set 
at 15°. 

[0081] The web smoothing roller 1 manufactured here was used 
as the smoothing roller (not shown in the drawing) installed 
15 immediately before the pressure contract roller 36 of the winder 
34 in the slitting step of a biaxially oriented polyester film. 
The smoothing roller 1 used was free in rotation, since the shaft 
could not be driven to rotate - 

[0082] When the biaxially oriented polyester film 31 was 
20 carried in contact with the fiber structure 14, the fiber 
structure 14, the inclined collars 45 and the rotary roller main 
body 12 (the roller shell 41) were virtually synchronously driven 
to rotate. The rotation causes the fiber structure 14 to be 
expanded and contracted in the rotation center axis direction of 
25 the rotary roller main body 12. The expansion and contraction 
gives a tension in the width direction to the polyester film 31. 
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The film pass line was established to ensure that the contact angle 
9 of the film 31 became 140°. The installation angle a was 0°, 
and the expanding and contracting angle P was 180°. 

[0083] In the slitting step constituted as described above, 
5 a 3 (om thick and 600 mm wide biaxially oriented polyester film 

(Polyester Film ^^Lumirror" C21 type produced by Toray Industries, 
Inc.) was wound for a test. 

[0084 ] For the test, a 0 . 2 mm thick tape was stuck to the carrier 
rollers 32a and 32b of the slitt±ng step, to form local level 

10 differences, for wrinkling the film 31. The film 31 was wound 
at a winding tension of 30 N/m and a winding speed of 200 m/min. 
The wrinkles in the film roll 35 obtained without applying the 
web smoothing roller of the invention were compared with those 
in the film roll 35 obtained with the web smoothing roller applied. 

15 [0085] As a result of the test, in the case where the smoothing 
roller was not used, the wrinkles formed on the carrier rolls 32a 
and 32b remained in the wound film roll 35, but in the case where 
the smoothing roller of this example was used, it was confirmed 
that the wrinkles formed on the carrier rollers 32a and 32b were 

20 removed in the formed film roll 35. It was also confirmed that 
the film of the film roll 35 was not flawed. 
Example 2 

[0086] The smoothing roller 1 of the invention shown in Fig. 
1 was manufactured as described for Example 1. The detailed 
25 structure is as described for Example 1 and as shown in Fig. 4. 

When the surface of the roller shell 41 was painted as 
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described for Example 1, it was confirmed that the coating film 
was worn after a long time of use at both the end portions of the 
roller shell 41, which were kept in sliding contact with the fiber 
structure 14. Therefore, in this example, the surface of the 
roller shell 41 was plated with hard chromium, instead of being 
coated with the paint. The hard chromium plating had high wear 
resistance compared with the paint in Example 1, and the 
contamination preventing effect and slipperiness could be 
maintained for a longer period of time. 

[0087] Elastic single covered yarns (^'Lycra'' SCY S1475D 
produced by Opelontex Co., Ltd.), each consisting of a 
polyurethane yarn of 140 deniers (156 decitexes) as the core yarn 
and a polyester yarn of 75 deniers (83 decitexes) as the covering 
yarn, were used to produce a tubular knitted seamless gray fabric. 
The knitting structure was a rib-stitched fabric. The weight of 
the tubular knitted gray fabric per unit area was 130 g/m^. For 
further enhancing the expandability and contractibility, the 
tubular knitted gray fabric was heat-treated using 100°C water 
for 30 minutes. The tubular knitted gray fabric produced like 
this (hereinafter called the tubular knitted gray fabric of 
Example 2) was used as the fiber structure 14. Both the ends of 
the fiber structure 14 were pulled, and the fiber structure 14 
was installed around the outer circumferential surface 13 of the 
roller shell 41 with a tension of 210 N applied. 
[0088] The tubular knitted gray fabric of Example 2 was about 
4-fold in the number of alternately repeated expansion and 
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contraction times counted till the fibers were fractured, 
compared with the tubular knitted grapy fabric of Example 1, in 
an acceleration test modeling the expansion and contraction of 
the fiber structure installed around a roller. That is, the 
5 number of alternately repeated expansion and contraction times 
counted till one facture point was confirmed in the fibers of the 
tubular knitted gray fabric of Example 1 was about 15,000 times, 
while the corresponding number in the fibers of the tubular 
knitted gray fabric of Example 2 was about 60,000 times. This 
10 means that the tubular knitted gray fabric of Example 2 is longer 
in useful life. 

[0089] This acceleration test was performed as described below. 
With the longitudinal direction of the tubular knitted gray fabric 
as the length direction and with the circumferential direction 

15 as the width direction, a 20 mm wide and 70 mm long test piece 
was cut out without any tension applied. Then, as shown in Fig. 
11, the square regions 112a and 112b defined by 10 mm at both the 
ends in the length direction of the test piece 111 and by 10 mm 
in the central portions in the width direction were firmly gripped, 

20 and one lateral edge of the test piece 111 was fixed, while the 
other lateral edge of the test piece 111 was vibrated at a frequency 
of 10 Hz. The stroke range of vibration was set such that the 
interval between the fixed portions at both the ends became in 
a range from 50 mm to 190 mm. That is, expansion and contraction 

25 was carried out in a range from 1 time to 3.8 times the natural 
length of tension 0. The fiber structure 14 installed around the 
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web smoothing roller 1 of this example was expanded and contracted 
in a range from 2.0 times to 2.3 times. 

[0090] The web smoothing roller 1 manufactured in this example 
was used as the smoothing roller (not shown in the drawing) 
5 installed immediately before the pressure contact roller 36 of 
the winder 34 in the slitting step of a biaxially oriented 
polyester film. The smoothing roller 1 used was free in rotation, 
since the shaft 11 was not driven to rotate. The film pass line 
was established to keep the contact angle 9 of the film 31 at 140°, 
10 and the installation angle a was set at 0°, while the expanding 
and contracting angle P was set at 180**. The inclination angle 
of the inclined collars 45 was set at 15®. 

[0091] In the slitting step constituted as described above, 

a 3 }xm thick and 600 mm wide biaxially oriented polyester film 
15 (Polyester Film ^'Lumirror" C21 type produced by Toray Industries, 
Inc.) was wound for a test, as described for Example 1. 
[0092] As a result of the test, in the case where the smoothing 
roller was not used, the wrinkles formed on the carrier rollers 
32a and 32b remained in the wound film roll 35, but in the case 
20 where the smoothing roller of this example was used, it was 
confirmed that the wrinkles formed on the carrier rollers 32a and 
32b were removed in the film roll 35 formed. Furthermore, it was 
also confirmed that the film of the film roll 35 was not flawed. 
Example 3 

25 [0093] A web smoothing roller 1 constituted as described for 
Example 1 was used as the smoothing roller (not shown in the 
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drawing) installed immediately before the pressure contract 
roller 36 of the winder 34 in the slitting step of a biaxially 
oriented polypropylene film. The smoothing roller 1 used was free 
in rotation, since the shaft 11 was not driven to rotate. The 
5 film pass line was established to keep the contact angle 0 of the 
film 31 at 140®, and the installation angle a was set at 0° , while 
the expanding and contracting angle P was set at 180°. The 
inclination angle of the inclined collars 45 was set at 8°. 
[0094] In the slitting step constituted as described above, 
10 a 3 jam thick and 600 mm wide biaxially oriented polypropylene film 
(Polypropylene Film ^'Torayfan" #2172 type produced by Toray 
Industries, Inc.) was wound for a test as described for Example 
1. 

[0095] As a result of the test, in the case where the smoothing 
15 roller was not used, the wrinkles formed on the carrier rollers 
32a and 32b remained in the wound film roll 35, but in the case 
where the smoothing roller of this example was used, it was 
confirmed that the wrinkles formed on the carrier rolls 32a and 
32b were removed in the film roll 35 formed. Furthermore, it was 
20 also confirmed that the film of the film roll 35 was not flawed. 
Example 4 

[0096] As described for Example 1, a web smoothing roller 1 
of the invention as shown in Fig. 1 was manufactured. The detailed 
structure was as described for Example 1 and as shown in Fig. 4. 
25 The rotary roller main body 12 was composed of a roller shell 41 
having a length of 2, 800 mm and an outer diameter of 110 mm, made 
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of a carbon fiber reinforced plastic material, annular members 
42 installed at both the ends inside the shell 41, to support the 
shell 41, ball bearings 43 installed inside the annular members 
42, and a fixed shaft 11 made of a metal and having the ball bearings 
5 43 attached to it. The roller shell 41 was plated, on the surface, 
with hard chromium in view of the higher wear resistance, better 
slipperiness and contamination prevention of the surface, etc, 
[0097] The fiber structure 14 used was as described for Example 
1. Both the ends of the fiber structure 14 were pulled at a tension 

10 of 150 N, and the fiber structure was installed around the outer 
circumferential surface 13 of the roller shell 41. 
[0098] As the expansion/contraction means 15, the same 
inclined collars 45 as used in Example 1 were used. The inclined 
collars 45 were attached to the shaft 11 respectively through one 

15 of the ball bearings 46 and one of the inclined collar support 
members 47, with a clearance of 25 mm kept from the ends of the 
rotary roller main body 12, outside in the rotation center axis 
direction of the rotary roller main body 12 . The clearance refers 
to the distance between the position of one of the inclined collars 

20 45 closest to the corresponding end of the roller shell 41 and 
the end of the roller shell 41. 

[0099] Both the ends of the fiber structure 14 covering the 
rotary roller main body 12 were respectively held by the inclined 
collars 45 of both sides. The inclination angle between the 
25 rotating central axis of one of the inclined collars 45 and the 
rotation center axis of the rotary roller main body 12 
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(hereinafter called the inclination angle of the inclined 
collars) could be structurally stepwise adjusted- In this 
example, the inclination angle of the inclined collars was set 
at 15°. 

5 [0100] In the web smoothing roller 1 constituted as described 
above, the displacement of the fiber structure 14 caused by the 
expansion/contraction means 15 of both the ends did not. propagate 
to cover the fiber structure 14 as a whole, and only the portions 
of about 700 mm at both the ends of the fiber structure 14 were 

10 expanded and contracted. However, as a result of the experiment, 
it was confirmed that the displacement was effective also for 
smoothing out the wrinkles in the central portion. That is, it 
was found that if the web can be sufficiently pulled and expanded 
at its both ends even though the central portion is not expanded 

15 or contracted, the desired smoothing effect can be obtained. 
[0101] The web smoothing roller 1 constituted as described 
above was used as the smoothing roller (not shown in the drawing) 
installed immediately before the pressure contact roller 29 of 
the winder 27 in a biaxially oriented polyester film producing 

20 apparatus. The smoothing roller 1 used was free in rotation, 
since the shaft was not driven to rotate. 

[0102] When the biaxially oriented polyester film 25 was 
carried in contact with the fiber structure 14, the fiber 
structure 14, the inclined collars 45 and the rotary roller main 
25 body 12 (roller shell 41) were virtually synchronously driven to 
rotate. This rotation caused the fiber structure 14 to be 
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expanded and contracted in the rotation center axis direction of 
the rotary roller main body 12. This expansion and contraction 
gave a tension in the width direction to the biaxially oriented 
polyester film 25. The film pass line was established to keep 
5 the contact angle 9 of the film 25 at 120®, and the installation 
angle a was set at 0°, while the expanding and contracting angle 
P was set at 180*". 

[0103] In the film winding step constituted as described above, 
a 3 |im thick and 2,400 mm wide biaxially oriented polyester film 

10 (Polyester Film '^Lumirror''' CIO type produced by Toray Industries, 
Inc.) was wound for a test. As winding conditions, a winding 
tension of 30 N/m and a winding speed of 200 m/min were employed. 
[0104] In the case where the smoothing roller 1 of this example 
was not used, the rejection rate of the film roll 28 due to formed 

15 wrinkles was about 30%. In the case where the smoothing roller 
of this example was used, the rejection rate due to formed wrinkles 
was 0%. Furthermore, it was also confirmed that the film of the 
film roll 28 was not flawed. 
Industrial applicability 

20 [0105] In the web smoothing roller of the invention, a 
stretchable fiber structure is used as a web smoothing means . The 
fiber structure gives a web wrinkles-smoothing-out action in the 
width direction of the web running in contact with the fiber 
structure. Since the wrinkles-smoothing-out action is given by 

25 the fiber structure, the action is sufficient for smoothing out 
wrinkles, but does not substantially flaw the web. Therefore, 
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the web smoothing roller of the invention can be preferably used 
as a smoothing roller in a process for producing a plastic film. 
It is especially most suitable as a wrinkles-smoothing-out roller 
used in a process for producing a web required to be flawless, 
5 for example, a plastic film for optical application. 
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